




CONDITION ASSESSMENT OF CLEMSON
UNIVERSITY'S PARKING NETWORK AND
DEVELOPMENT OF A FRAMEWORK TO
SUPPORT PAVEMENT MANAGEMENT
Yazurved Sai Vishwaksen Aravalli
Clemson University, yaraval@g.clemson.edu
Follow this and additional works at: https://tigerprints.clemson.edu/all_theses
Part of the Civil Engineering Commons
This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.
Recommended Citation
Aravalli, Yazurved Sai Vishwaksen, "CONDITION ASSESSMENT OF CLEMSON UNIVERSITY'S PARKING NETWORK AND
DEVELOPMENT OF A FRAMEWORK TO SUPPORT PAVEMENT MANAGEMENT" (2015). All Theses. 2295.
https://tigerprints.clemson.edu/all_theses/2295
CONDITION ASSESSMENT OF CLEMSON UNIVERSITY’S PARKING NETWORK 




the Graduate School of  
Clemson University 
In Partial Fulfillment 
of the Requirements for the Degree 
Master of Science 
Civil Engineering 
by 
Yazurved Sai Vishwaksen Aravalli 
December 2015 
Accepted by: 
Dr. Bradley J. Putman, Committee Chair 
Dr. Jennifer H. Ogle 
Dr. Prasad R. Rangaraju 
ii 
ABSTRACT 
The concept of pavement management system for Clemson University parking 
network provides a rehabilitation programming strategy for parking and transportation 
services department at Clemson University. The department invests funds to keep parking 
lots in good condition which pays large rewards in terms of savings for both Clemson 
University and parking lot users. Clemson University Pavement Management System (CU-
PMS) will provide quality information for better decisions to ensure the funds invested gets 
the best value. 
This project consists of developing a useful and efficient network-level PMS for 
Clemson University parking lot network.  The study area includes all the parking lots in 
the Clemson University.  A review of the existing pavements management practices for 
parking lots was made and the network level Clemson University Pavement Management 
System (CU-PMS) was developed.  Existing data was used for the initial analyses and 
procedures to collect future data are presented. 
CU-PMS consists of an inventory, condition assessment, and its analysis.  This will 
identify maintenance options, help prioritize rehabilitating parking sections for immediate 
attention, and anticipate future deterioration. The information is directed toward achieving 
the best possible value for the available funds in providing smooth, safe, and economical 
pavement surfaces.  This report documents the methods used for the development of a 
PMS, the recommendations for implementation of the system, and the recommendations 
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for the preservation of pavements in the study area. The project is a case study to 
demonstrate the effectiveness of PMS on Clemson parking network and also serves to 
provide parking and transportation services with better decision-making process.  The field 
investigation, analysis, implementation procedures, and conclusions are presented for the 
application of CU-PMS. 
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CHAPTER 1 – INTRODUCTION 
1.1 RESEARCH OVERVIEW 
The importance of pavement management in university parking is becoming more 
evident as maintenance managers are realizing that preventative maintenance can help to 
maximize the university’s original investment in parking. The cost of rehabilitation 
increases significantly as pavements deteriorate and without an effective preventive and 
routine maintenance program, the average cost of maintaining the transportation system 
increases in the future. 
The purpose of the overall research project from which this thesis was based was to 
create a pavement management system for Clemson University parking network to be a 
support system to make effective decisions about the scheduling and budgeting for 
maintaining the university’s parking network. The overall process followed to accomplish 
this goal included the following: 
1. Worked with Clemson University Parking and Transportation Services to establish
the overall objectives of the pavement management program.
2. Updated the existing parking inventory database. This included number of parking
spaces, dimensions of parking and driving areas, and other pertinent information
for each designated parking area.
3. Conducted a cursory overview of the condition of each parking area to identify the
types of distresses present and other important information.
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4. Performed a detailed pavement condition assessment of each parking area using a
modified version of the procedure outlined in ASTM D6433 [1] to determine the
pavement condition index (PCI). During this assessment, each parking area was
photographed to document the condition of the pavement for future reference.
5. Identified the potential causes of problem areas in each parking area. These findings
were used to develop recommendations to address the distresses and other problem
areas in each parking area.
6. Developed a condition tracking program to monitor the pavement condition of each
parking area over time. This tool enables Parking and Transportation Services to
monitor and eventually predict the rate of deterioration of each parking area in the
entire network.
7. Developed a methodology for parking and transportation services to program
maintenance and rehabilitation strategies on a segment (individual parking area)
and network (entire parking inventory) level to achieve the goals established in the
pavement management program.
1.2 THESIS OBJECTIVES AND SCOPE OF RESEARCH 
The goal of this research, which focused primarily on items 1-4 above, was to develop 
a methodology to assess the condition of Clemson University’s parking lots and collect 
baseline condition data to support the future implementation of a formal pavement 
management system. Since there are several different procedures to measure the conditions 
of a parking lot, the standard procedure outlined in ASTM D6433 [1] was followed to obtain 
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the results. The program will provide the Clemson University Parking and Transportation 
Services with the following main products:  
1. Defined procedure for collecting data and condition information about the
university’s parking network.
2. Database of the parking lot inventory and condition.
3. Recommendations for the implementation of this data and evaluation procedures
into a more comprehensive pavement management system.
1.3 PURPOSE OF THE PAVEMENT MANAGEMENT SYSTEM (PMS) 
The maintenance of deteriorating facilities can be a great challenge because the 
process of deterioration has random features for some facilities. For example, the effect of 
weather and traffic loads on pavement life is nearly unpredictable [2]. The parking lot 
pavement management system is intended to provide a systematic process capable of 
preserving the functional conditions of pavement by the routinely monitoring distress. 
1.4 RESEARCH APPROACH 
The research approach included an in-depth literature survey of pavement 
management practices, focusing on procedures and implementation in small communities 
and networks. The next step was an in-depth evaluation of other PMSs, including parking 
lot networks, relative to the current needs of Clemson University. A meeting was 
conducted with the director of Clemson Parking and Transportation Services about the 
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parking lot history and maintenance techniques used in previous years and this information 
was used as a reference. The survey on each selected section of parking lot was conducted 
and surface distresses were measured. These results were used to determine the pavement 
condition index (PCI) value, which is a quantitative assessment of the pavement condition 
based on the ASTM D6433 procedure [1]. This research presents the results of serviceability 
index values of selected sections of each parking lot. Using this index value, the condition 
of an overall parking lot was determined with the average condition measuring scale. The 
projected surface conditions helps in the process of selecting maintenance and rehabilitation 
activities to optimize pavement condition with available funds. 
1.5 THESIS ORGANIZATION 
The literature review is presented in Chapter 2. Pavement condition evaluation 
methodology used in this study of the Clemson University parking network is detailed in 
Chapter 3. Results of this research are presented in Chapter 4. The conclusions and 
recommendations based on the results of this study are presented in Chapter 5. Appendix A 
contains the deduct values curves and formulas used for the PCI calculation and forms 
needed for collection of inventory and condition data. 
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CHAPTER 2 - LITERATURE REVIEW 
The use of pavement management systems (PMS) have evolved for over years. 
Literature exists on how to implement and use a PMS, case studies of using a PMS at micro 
and macro levels. Since there is an abundance of literature available, this research review 
is focused on the recommendations of using PMS at network level for Clemson University 
parking, PMS components, and implementation of the procedure.  The topics that were 
reviewed include: 
1. Introduction to Pavement Management
2. History of pavement management system
3. Components of a Pavement Management System
4. Types of Asphalt Pavement Distresses
5. Data Collection for Pavement Management
6. Benefits of Pavement Management
7. Pavement Management for Parking Lots
The reviewed information was from reliable sources which are reasonably current.  
All of the literature that was investigated was published in the last ten to fifteen years. This 
research provides the most valuable information for pavement performance analysis, 
forecasts pavement performance, anticipate maintenance and rehabilitation needs, establish 
maintenance and rehabilitation priorities which help in allocating funds for the repairs. The 
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sequential steps involved in conducting this research are introduced with an emphasis on 
the ASTM D6433 standard procedure relating to the Clemson parking lots. 
2.1 INTRODUCTION TO THE PAVEMENT MANAGEMENT SYSTEM 
The introduction for the process of pavement condition assessment plays a vital role 
in the management of a pavement network. The concept of pavement management was 
initially developed for the highways and with the increase in usage of asphalt pavements, 
parking lots and vehicles, steps were taken to manage and maintain more asphalt 
pavements. This made the PMS developers look for ways to improve the process of making 
decisions and efficiency. Pavement condition surveys can produce an enormous amount of 
data regarding the condition of a pavement network. Basing on the pavement management 
decisions, the raw data would be a tedious task.  
2.2 HISTORY OF PAVEMENT MANAGEMENT 
In many respects, the beginning of pavement management systems started with the 
AASHO Road Test from 1956 to 1960 [3]. The American Association of State Highway 
Officials, AASHO, initiated a study in 1966 to study ways to mitigate and maintain the 
problems in pavement engineering. The intention of the study was to provide a theoretical 
basis for extending the AASHO Road Test that took place from 1958 to 1962. Researchers 
at the University of Texas, began a new approach to pavement design using a systems 
approach in 1968. Independent efforts were also made in Canada to structure the overall 
pavement design and management problem.  
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In 1968 one of the major research projects related to pavement management was 
initiated by the National Cooperative Highway Research Program (NCHRP) to develop 
initial operational systems for PMS. A second phase was carried out by Hudson and 
McCullough to develop an actual working system for implementation at the national level. 
Texas A&M carried out a third phase on implementation, and a fourth phase was continued 
at Materials Research and Development, Inc., in California [4]. In the mid-1970s, as 
computers became more user friendly and were designed to provide solutions for pavement 
rehabilitation treatments, pavement management was predominant and emerged into the 
commercial society. In 1977 Dale Peterson, was the first person to work on pavement 
management in the state of Utah to publish a paper titled "Good Roads Cost Less" 
concerning the possibilities of pavement management [16]. There were disappointed with 
these elaborate systems.  Huge sums of money were spent on the development of these 
systems with varying degrees of success.  The concept of pavement management appeared 
to be little more than a dying fad (Von Quintus, Harold, National Highway Institute, 1998 
[5]). Several activities served to advance pavement management systems during the 1980’s. 
One of them included the North American Conference on Pavement Management held in 
Toronto, Canada.  
In the 1990’s, the eventual development of AASHTO Pavement Management 
Guidelines for PMS, ASTM (American Society for Testing and Materials) standard 
guidelines, played a key role in structuring the procedure. Within the last twenty to thirty 
years, pavement management systems have been developed to help plan maintenance and 
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rehabilitation of pavements.  The systems are still changing, maturing, and becoming more 
efficient as users become more experienced and proficient. 
2.3 COMPONENTS OF PAVEMENT MANAGEMENT SYSTEMS 
The FHWA developed the use of PMS which included a simplified structure for PMS 
as shown on Figure 1 [6]. Most formal definitions of a “pavement management system” 
agree on five key components [7]: 
2.3.1 PAVEMENT INVENTORY DATA 
The storage for pavement data with their conditions were developed for best results 
and also being a cost effective procedure. As the data needs to be viewed and manipulated, 
advanced software’s including GIS-based, Microsoft SQL server, Oracle and other spatial 
interfaces were implemented for more data storage. 
Figure 1 FHWA PMS framework 
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2.3.2 EVALUATION OF PAVEMENT CONDITIONS 
Surveys for the pavement condition data were the initial procedures and also one of 
the PMS components adopted by U.S. transportation. WSDOT adopted a PMS and began 
pavement surveys in 1965 [8]. Research in the pavement condition surveys develop the data 
collection with advance techniques for the analysis and measurement. 
2.3.3 DATA ANALYSIS 
The strategies and needs in the pavement management system were interpreted in the 
data analysis. The late 1960s and early 1970s saw the introduction of computer-based 
optimization algorithms [9]. These algorithms were developed eventually for the better 
understanding and compute the conditions. Recent research has focused on advancing or 
refining life-cycle costing analysis, optimization algorithms and performance prediction 
[8]. 
2.3.4 PAVEMENT MANAGEMENT DECISIONS 
The pavement management decisions mainly depend upon the data collection time, 
costs involved in the operations and environmental conditions. Appropriate decisions could 
help management to distribute the funds for future needs. 
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2.3.5 FIELD EXECUTION 
Methods for the management decisions are implemented with the standard 
procedures. The procedure execution depends on the available crew, equipment and the 
available funds to obtain the data. 
 2.4 TYPES OF ASPHALT PAVEMENT DISTRESSES 
There are various pavement condition distresses which effect the performance of the 
pavement. The different types of distresses were studied and identified on the surface 
sections of the Clemson University Parking lots. The existence and quantity of a distress 
on a pavement section determines if it is to be measured, recorded and analyzed. This 
section of the report provides a list of flexible-pavement distresses, the causes, and possible 
repair procedures.  
2.4.1 LONGITUDINAL CRACKS 
 Longitudinal cracks are individual cracks which form parallel to traffic direction or 
the roadway centerline. These are occurred most frequently at the joint between adjacent 
lanes or at the edges of the wheel paths in a pavement and can start as hairline cracks and 
widen with time and traffic. Longitudinal cracks creates a water seepage to enter the 
subsurface layers and subgrade resulting in the development of fatigue cracking at the joint 
between lanes and raveling.  
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CAUSES 
The lower density of the asphalt concrete results in lower tensile strengths. 
Longitudinal cracking develops as surface temperatures drop to a level such that the 
thermally induced shrinkage stresses exceed the tensile strength of the asphalt concrete at 
the joints. Longitudinal cracking can develop at any place in the pavement if shrinkage 
stresses exceed the tensile strength of the pavement; however, it will usually first occur at 
a construction joint due to the lower tensile strength.  
The other causes for this distress is the higher voids in the asphalt pavement at the joint 
which increases the hardening due to oxidation, which makes the pavement more 
susceptible to cracking and raveling. 
REPAIR 
In general, longitudinal crack repair typically involves a variety of maintenance 
techniques, depending on the severity of the crack (Roberts, et al, 96 [10]). In the early stages 
of crack development, sealing can repair longitudinal cracks. If the cracks are less than ¼ 
  Figure 2 Longitudinal Cracks 
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inch wide, fog seals can be used. Fog seals is a light application of a slow setting emulsion 
on the distresses. Cracks wider than ¼ inch are to be filled with crack sealant. When the 
distress is severe and raveling develops at the crack edges, the repair would be more 
extensive, sometimes requiring an overlay.  
2.4.2 TRANSVERSE CRACKS 
Transverse cracks are generally observed on the pavement surface perpendicular to 
the direction of the traffic and roadway centerline. This type of cracking is also referred to 
as low temperature or thermal cracking. 
Figure 3 Transverse Cracks 
CAUSES 
Transverse cracks are developed when the surface temperature drops to a level such 




Transverse crack repair is similar to longitudinal crack repair. If the distress level is 
low, cracks can be fog sealed and crack sealant can be used for high distress levels. If the 
sides of the cracks are at different elevations, milling can eliminate the difference in 
elevation of the road surface. In advanced stages of transverse crack development, overlays 
may be required [10].  
2.4.3 FATIGUE CRACKS 
Fatigue cracking is also known as alligator cracking because of the visual look of the 
distress. Fatigue cracking starts with individual longitudinal cracks developing in wheel 
paths. With time and traffic, additional longitudinal and transverse cracks develop and the 
cracks become interconnected. This results in a closely spaced crack pattern that resembles 
the pattern on an alligator’s back. If pavement areas with alligator cracking are not treated, 
potholes eventually develop.  
Figure 4 Fatigue Cracks 
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CAUSES 
The tensile stresses are the greatest at the bottom of the asphalt pavement layer from 
where the cracking starts and with eventual increase in traffic loading, the cracks migrate 
to the surface. The primary cause of this pavement distress is repeated traffic loading which 
stresses the pavement to its fatigue life limit. Also because of the heavy loads on the 
pavement structure the crack formation is accelerated. The fatigue cracking may also be 
caused due to the insufficient pavement drainage as the pavement layers lose strength 
because of the saturation. Due to poor design and inadequate pavement thickness or quality 
during construction combined with repetitive loading can also induce alligator cracking. 
REPAIR 
Repair strategies for fatigue cracking depends on the severity of the distress. 
Patching, overlays, or reconstruction techniques. If the cracking occurs frequently in a 
particular section, patching can be done. Overlays are used to mitigate the problems of 
alligator cracks that cover an extensive area but the thickness of the overlay must be 
sufficiently designed to carry the number of expected loads. If poor subgrade drainage is 
the root cause, drainage improvements are to be carried. If the pavement structure is 
fatigued due to repetitive loading alone, a stronger pavement structure is needed to carry 
the anticipated traffic [10].  
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2.4.4 BLOCK CRACKS 
Block cracking is an interconnected series of longitudinal and transverse cracks, 
which divides the pavement into approximate square pieces.  
Figure 5 Block Cracks 
CAUSES 
Block cracking is caused by the shrinkage of the asphalt pavement due to thermal 
stresses, hardening of the asphalt. Once the severity of the cracks increases, water starts 
infiltrating through the cracks into the subsurface.  
REPAIR 
A surface seal can be used to reduce surface water infiltration in the early stages of 
block cracking. But at the advanced stages of distress, either a thick overlay is placed on 
the existing surface or the old material is removed and replaced with a new asphalt concrete 
surface [10].  
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2.4.5 EDGE CRACKS 
Edge cracking is similar to the longitudinal cracking but occurs along the shoulders 
of the pavement.  
Figure 6 Edge Cracks 
CAUSES 
Edge cracking can occur as a result of poor shoulder support, excessive traffic loads, 
or a high percentage of heavy trucks on an insufficiently designed road.  
REPAIR 
The rehab techniques for the edge cracking depends on severity and extent. These 
cracks are usually repaired with either thin overlays, chip seal, patching, thick overlay, or 
reconstruction techniques. If the problem is lack of edge support, material must be added 
to the shoulders to bring it up to the road level and the material should be properly 
compacted [10].  
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2.4.6 RUTTING 
Rutting is a depression of asphalt concrete in vehicle wheel paths. The surface 
depressions created in the wheel paths result from either continued consolidation or lateral 
displacement of the asphalt concrete under traffic 
Figure 7 Rutting 
CAUSES 
Some of the factors that cause rutting are insufficient compaction during construction, 
poor mix design (high asphalt content, excessive mineral filler, rounded aggregate, etc.), 
inadequate drainage, and poor subgrade strength.  
REPAIR 
The pavement section must be carefully examined to determine the cause of the 
rutting before a specific treatment is selected. Minor rutting can be repaired with surface 
milling and preventive maintenance techniques, such as rut filling with micro surfacing. 
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Major rutting requires surface milling and rehabilitation (thick overlay). Sections with poor 
drainage conditions also require drainage improvements to increase subgrade strength [10]. 
2.4.7 RAVELING 
Raveling is the loss aggregate from the asphalt concrete matrix as a result of a bond 
loss between the aggregate and the asphalt binder.  
Figure 8 Raveling 
CAUSES 
The loss of bond between the aggregate and binder can occur as a result of asphalt 
cement oxidation, poor compaction, or insufficient asphalt content. A poor 
aggregate/binder bond can also occur when aggregate containing external dust material is 
used in the asphalt concrete mix. When raveling occurs at the pavement surface, the asphalt 
concrete layer progressively disintegrates downward.  
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REPAIR 
Minor raveling can be repaired with preventive maintenance treatments, while major 
raveling requires thick overlays or recycling of the pavement surface [10]. 
2.4.8 PATCHES 
Patches are sections of pavement that have been removed and replaced. Patches are 
typically used to repair localized pavement defects or to cover utility trenches. A patch 
failure can lead to widespread pavement distress problems. Patches are defects relative to 
the original pavement. Even patches in good condition can accelerate the rate of pavement 
distress development because it can permit the intrusion of water into the subsurface layers 
and subgrade if the patch is not constructed and sealed properly [11].  
CAUSES 
Patch cracking and distortions typically occur when the root cause of a pavement 
defect was not properly corrected before the patch was placed. Patches over utility trenches 
typically fail when the trench was not adequately back-filled and compacted.  
Figure 9 Patches 
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REPAIR 
Patches that have minor cracking can be repaired with preventive maintenance 
techniques so that surface water does not enter the subsurface. Pavement sections with a 
high extent of severely cracked and distorted patches will need reconstruction [10]. 
Extensive settlement in utility trenches may require additional repair to the utility trench 
prior to pavement repairs [11].  
2.4.9 POTHOLES 
Potholes allow water to collect and are a hazard to motorists. They are considered a 
progressive failure. At first, small fragments of the top layer become dislodged from the 
road surface. Over time, the distress progresses downward into the lower layers of the 
pavement. Potholes are often located in areas of poor drainage. 
Figure 10 Potholes 
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CAUSES 
 Potholes are formed when the pavement disintegrates under heavy traffic loading. 
This is due to inadequate strength in one or more layers of the pavement structure, usually 
accompanied by the presence of water.  
REPAIR 
Potholes usually do not develop if the root cause was repaired before it developed 
into a pothole. Excavating localized areas and replacing the base and surface materials 
repairs potholes. The removal of external dust materials and proper compaction of the new 
materials can help reduce the pothole formation. Improvements in drainage may be 
required if the intrusion of water is causing the subgrade to weaken the pavement surface 
[11]. 
2.5 DATA COLLECTION TECHNIQUES IN PMS FOR PARKING LOTS 
The ability of a pavement to sustain traffic loads in a safe and smooth manner is adversely 
affected by the occurrence of observable various pavement distresses. In the past, the only 
method used for a pavement condition survey was to walk on the parking surface or drive 
down the parking area and collect the data manually.  
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Figure 11 Field data collection 
Manual survey is one of the cost effective, efficient way of in the pavement 
management system. The rating method is based upon visual inspection of pavement 
distresses. This survey was carried out by a using the measuring wheel, steel ruler, pencil, 
calculator, distress identification manual, Asphalt surfaced roads and parking lot condition 
data sheet for sample units (ASTM D6433) [1].  
Over the past two decades, the data collection process has been made to fully 
automated. With eventual development in technology and an increase in the availability of 
sophisticated equipment, the pavement condition was being assessed in a much easier way. 
Technological advancements in computer software’s, image recognition techniques have 
provided the means to successfully detect and classify surface distresses on pavements 
automatically in a cost-effective manner. Some of these advancements include pavement 
imaging systems such as digital scan cameras that have the capability of capturing 
pavement surface images, as well as surface distress classification software’s.  
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The ideal automated survey would provide less subjective and more accurate data, 
the ability to survey the entire network in a time efficient manner, and a safer means of 
collection. One of the automated pavement condition survey procedures involves in driving 
down the parking area at low speeds on a van while collecting data.  
Figure 12 Data collection van 
Typical pavement data collection van can be seen in Fig 12. The other prominent method 
in pavement management system is using Geographical Information System (GIS) for 
surface profile of the pavement. But this method is usually used for the large area of parking 
lots and at a macro level. This also involves costs for the software and experienced people 
to work on the software. GIS pavement management system picture can be seen in Fig 13  
However, the usage of automated data collection technology was hindered because 
of some issues. One issue was lack of information about successful transitions from manual 
to automate. The other was the cost invested for the vehicle and the equipment for the data 
collection, software’s used for the data processing, experienced crew involved in 
management.  
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Figure 13 PMS using GIS 
2.6 BENEFITS OF PAVEMENT MANAGEMENT SYSTEM 
This section mentions the advantages of pavement management for parking lots. The 
benefits are characterized by aggregate data, resources, better understanding of the parking 
network. Even though, pavement management systems differ depending on the size, 
organizational structure, and resources, the advantages are generalized in the following 
manner. The pavement management system 
 Improves the efficiency of decision-making process involving pavement
management activities like repair, re work, treatments etc.
 Provides the information on the performance of parking lots and the future
maintenance methods
 Helps in selecting the best rehabilitation measures or strategies for different
pavement management sections as all pavements deteriorate over time
 Leverages communication, cooperation, and coordination of pavement
management activities within the organization
 Quantify the assessment of the condition of the pavement network
 Has the ability to track the performance of specific treatment strategies
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 Identifies rehabilitation needs to plan future activities and expense budgets
 Provide a basis for allocating funds and prioritizing the expenditure
CHAPTER 3 – PMS FOR CLEMSON UNIVERSITY PARKING 
NETWORK (CU-PMS) 
3.1 OVERVIEW OF PMS FOR CLEMSON UNIVERSITY PARKING NETWORK 
The research follows the structure developed by the ASTM D6433 standard 
procedure. The three components for the CU-PMS are Data Collection, Analysis, and 
Implementation. Each component is presented in detail in the following sections. 
3.1.1 DATA COLLECTION 
The data collection was performed by meeting with the Clemson University Parking 
and Transportation Services personnel and collecting inventory and condition data. 
This data on parking lot inventories and condition assessments was used to develop the 
CU-PMS. By using existing data and techniques that are already in place, analysis 
and implementation will be easier. 
3.1.1.1 INVENTORY 
The initial inventory data collection was performed. The AutoCAD plan for 
the network layout was obtained from the university facilities department. The 
information was recorded on data forms and then entered into a Microsoft Excel database 
for analysis and archiving. The data are stored for future analysis and archiving. 
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3.1.1.2 CONDITION SURVEY 
Manual distress evaluation was conducted for this research due to budget constraints 
and availability of automated pavement evaluation equipment. The rating method in this 
research provides a procedure for uniformly identifying and describing pavement distresses 
in terms of severity and extent. The data were examined and transposed to match the new 
CU-PMS criteria. The condition data are manually recorded on forms and then entered into 
the Microsoft Excel database. 
3.1.2  ANALYSIS 
Prior to inspecting the parking network, it was divided into branches, sections, and 
sample units. Survey data was obtained after the division and the PCI of each section was 
determined. There are two methods to inspect a pavement. Both methods require that the 
pavement section be divided into sample units. The first method is inspection of entire 
section which requires all sample units of an entire pavement section to be inspected. The 
second method is inspection by sampling. This requires only a few of the sample units in 
a section be inspected. For both methods, the sample units are assigned sample unit 
numbers. 
 3.1.2.1 RANDOM PRIORITY ANALYSIS 
The random priority analysis was conducted using a random rank generator in which 
each section was ranked. A weighting value was assigned to each of the sample sections to 
represent the surveyed samples.  
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3.1.2.2 PAVEMENT CONDITION METRICS 
Once the visual assessment of the parking area was complete, calculations were 
performed using the data collected in the field and spreadsheet. Through these calculations, 
a pavement condition index (PCI) for the parking network was determined. The 
mathematical expression for pavement condition index (PCI) provides an index reflecting 
the composite effects of varying distress types, severity, and extent upon the overall 
condition of the pavement. A Pavement Condition Index (PCI) scale was utilized to 
describe the surface condition of the pavement using the PCI numbers calculated from the 
standard equation. The scale has a range from 0 to 100. A PCI of 100 represents a perfect 
pavement with no observable distress and a PCI of 0 represents a pavement with all distress 
present at their “High” levels of severity and “Extensive” levels of severity. The values for 
the densities were recorded. By using these calculated densities and the severity (i.e. Low 
(L)/Medium (M)/High (H)) a deduct value for each distress type was determined. The 
deduct values were determined through the use of the "Deduct Value Curves" for each of 
the various distress types identified [1]. The graphic plots of various types of pavement 
surface distress of each pavement section were obtained from the condition data sheet. The 
deduct values for all the distresses were then summed to produce a "Total Deduct Value". 
The "Corrected Deduct Value" or (CDV) was determined using the total deduct value. 




For section inspections, a walk over on each parking lot in each sample section was 
done and the distresses were recorded. The distress severity indicators L (low), M 
(medium), or H (high) were included along with the distress quantity measured length and 
width in feet and inches to indicate the severity level of the distress.  
3.1.3.2 EQUIPMENT 
The equipment used to perform this survey included a measuring wheel for measuring 
layout dimensions and surface distress length, a metal crack gauge to measure the width of 
cracks, data sheet for documenting the distress values and the PCI distress guide.  
3.1.3.3 REPORTS 
Once the system/network was assessed and evaluated, all the collected data from the 
condition data sheets was loaded into excel spread sheets where the analysis was performed 
to identify the current condition of the parking lots. These data are used to compute the 
PCI for the sample unit and overall PCI value of the parking lot. The process was performed 
for every parking lot at the university and updated condition survey values were gathered. 
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3.2 CU-PMS FIELD PROCEDURE 
This section describes the procedure that was followed to collect the inventory and 
condition data.  The required information and the data collection methodology of the 
inventory and pavement condition surveys are presented. 
The implementation of the PMS to analyze the parking lots conditions at Clemson 
University was a challenge, as these lots represented individual pavement sections with no 
historic performance data. In addition, the parking lots were significantly different from 
each other in function and geometric perspective. The parking sections included 
loading/unloading zones, parking areas that are primarily used by 
students/staff/management automobiles, and truck parking. The development of a 
systematic and repeatable process was a key component in the effective planning and 
management of the Clemson University pavement network. The steps involved are 
outlined below.    
3.2.1 DEFINING THE CU PARKING LOT NETWORK SECTIONS 
The first step in CU-PMS process before recording any inventory information was to 
define the parking lot network sections using AutoCAD drawings from the collected data. 
The pavement system was divided into sections and each parking lot was defined to collect 
the information by visual evaluation.  The parking section limits were determined so that 
each section was evaluated accurately. Parking sections were categorized based on the 
usage and each parking lot was divided into equal lengths to make the process simple.  
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3.2.2 PARKING LOT CONDITION DATA COLLECTION 
Pavement condition data plays a key role in the evaluation and decision making 
process for distress treatment selection.  Identifying and describing the whole surface 
condition of the pavement system in discrete sections has been carried out to provide the 
data which describes the entire pavement section. The condition of each section of parking 
lot was assessed using the available distress identification manuals, the density (extent) and 
severity of each distress type and the corresponding deduct value was calculated, then the 
final pavement condition rating was obtained. The study area involved the network of 
parking lots within the Clemson University campus. The purpose of this procedure was to 
determine the surface condition of the pavement, through visual condition assessment. It 
was oriented towards analyzing the existing parking lot conditions so that a reasonable 
definition of the special problems and needs can be made.  
The existing inventory data was collected using a one person crew equipped with a 
distance-measuring wheel for measuring parking layout and surface distress length, a 
straightedge metal piece to measure the width of the distresses, data sheet for documenting 
the distress values, the PCI distress guide and CU parking map .  The inventory data were 
observed and recorded onto data forms.  
The accuracy and quality of the data was maintained by checking and validating the 
data.  The completed forms were taken and the data was entered into an Excel spreadsheet. 
The other categories included in the inventory such as number of aisles, parking lot types, 
section type (Parking and Driveway). 
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This parking lot condition data was used to identify the overall conditions, which 
helps in determining maintenance and rehabilitation needs, to predict future needs, and to 
assess the overall impact on the network condition.  
3.2.3 FILLING OUT DATA COLLECTION FORM 
A visual inspection process for the distresses involved identifying road distress 
characteristics, estimating the severity of the distress, and assessing the extent of the 
severity. The degree of deterioration of the distress in the section is the Severity and Extent 
refers to the amount of distressed surface area or length. The condition survey worksheet, 
Figure 14, was filled out at each test section to identify the extent, severity, and condition 
of the distresses. The distress values for the entire section were manually recorded on the 
supplied flexible pavement condition survey forms. A Clemson University Parking and 
Transportation services map showing the parking lots boundaries and their location was 
used to identify each parking lot. A condition survey worksheet was completed for each 
parking section. For every sample section measurement, a visual look was made to identify 
the Longitudinal/Transverse Cracks, Fatigue Cracks, Edge Cracks, Patches or any other 
distresses within the length and the road width. The readings were noted in the 
corresponding sheet if one of these distresses was encountered on the pavement within the 
area. The corresponding space for quantity was left blank or marked with a dash line if no 
distress was observed in the respective section. The forms were filled according to the  
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parking lots with their respective sections to provide continuity and accuracy. Each line of 
the form, as seen in Figure 14 is explained.  
BRANCH:   The “CU Parking Network” was typed in the branch space. 
SECTION: The section of the parking lot is mentioned. For example in this research 
(Parking/Driveway) sections were considered. 
SAMPLE UNIT/SECTION NUMBER: The section number was mentioned in this 
research. 
SURVEYED BY:   The person that completed the form was printed with the name legibly 
to answer any questions that may arise. 
Figure 14 Distress data collection form (from ASTM D6433 [1]) 
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DATE:   The date of the actual collection of inventory data was noted. 
SAMPLE AREA: The area of each surveyed section was mentioned in this space. 
SKETCH: The shape of the section was mentioned to help understanding the dimensions 
of the area.  
DISTRESS SEVERITY: The identified distress on the surface of the section was 
numbered with the given names on the sheet. The severity level Low/Medium/High 
(L/M/H) was noted in this column. For example if the distress is block cracking and 
severity is high it was noted as 3H in the column. 
QUANTITY: Distress quantities were noted in these spaces. The length and width of 
distress appeared were measured using the measuring wheel and the metal straight edge. 
The quantity was noted in feet and inches (Linear &Square).  
TOTAL: The summation of the quantities were noted in the column. The units for this 
column was feet and inches (Linear and Square). 
DENSITY (%): The total divided by the sample area (Total/Sample Area) gives the 
density of the distress on the parking section. The percentage density values were filled in 
this column. 
DEDUCT VALUE: The deduct value (DV) for each distress type was obtained from the 
distress deduct value curves for different severity level combination. The charts are 
mentioned in Appendix. 
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Other details mentioned in the forms 
SECTION LENGTH:   This value was measured using the distance measuring wheel by 
walking along the edge of the parking section.  The correct length was entered into the 
database because this value is used in calculating section area. 
SECTION WIDTH:   This measurement was done with a measuring wheel.  The varying 
section widths were averaged and the mean section width was noted. 
NUMBER OF AISLES:   The appropriate number of aisles of the parking lot was noted 
on the form. 
Sample filled form is shown below in Figure 15 
Figure 15 Sample filled form (from ASTM D6433 [1]) 
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3.2.4 SAMPLING AND SAMPLE UNITS 
The parking lots were identified and branches of the pavement were noted on the 
network layout plan. There are 27 parking lots inside the Clemson University campus of 
which four parking lots were new and had no distresses. Each parking area was subdivided 
into sections based on the surface area. The sections were numbered for identification and 
selection for inspection. Each section consisted of both parking and driving lanes but the 
study was made separate for more accuracy of the results. Since evaluation of a total 
parking lot is a time consuming process, random sections were selected and inspected to 
determine the average PCI of the parking area.  
After determining the minimum number of required sections for the investigation of 
a parking lot, the sections were selected. The minimum number of sections that needs to 
be surveyed within a given parking lot to obtain a statistically adequate estimate (95 % 
confidence) of the PCI of the section was calculated using the standard formula mentioned 







(𝑁 − 1) +  𝑠2
Where 
e = acceptable error (+/- 5) in estimating the section PCI 
s = standard deviation of the PCI from one sample unit to another within the section. 
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N = total number of sample units in the section. 
A random number generator was developed using the visual basic code in the 
spreadsheet specifically for selecting the sections of the parking lots. This sample number 
generator randomly generates the section numbers to be evaluated. The number of sections 
considered for the evaluation depends on the total number of available sections in the 
parking area. The code developed in the spreadsheet gives the output of the section 
numbers automatically from the input of total available sections.  
Individual sample units which were inspected were marked to easily locate them in 
the pavement section. Sketches with parking lot locations were marked in the data sheets 
to be able to accurately relocate the sample units for the verification of current distress data, 
to examine changes in condition with time of a particular sample unit and to enable future 
inspections of the same sample unit.  
3.2.5 DISTRESS IDENTIFICATION 
The next step involved in each of the various types of Pavement distresses was 
identified and measured (i.e. units of linear foot or square feet). In addition, for each 
distress, a level of severity was determined {i.e.  Low (L), Medium (M), High (H)}. The 
distresses data were recorded on the Inspection Sheet and fed to the spreadsheet. The 





 Edge cracking  
 Transverse cracking 
 Longitudinal cracking 




3.2.6 DISTRESS SPREADSHEET DEVELOPMENTS & CALCULATIONS 
 
To simplify the distress evaluation procedure and improve the effectiveness of 
pavement condition index value, some spreadsheets used for calculating the deduct values 
of pavement were developed from figures shown in ASTM D6433 [1]. These developed 
spreadsheets are able to be simply employed to obtain the deduct values by inputting the 
distress density, which can be obtained from field survey. Based on the type of distress 
shown in ASTM D6433 [1], various spreadsheets were established for these applications. 
However, the user is suggested to use both figures and formulas as evaluating the primary 
road pavement.  
These formulas were generally developed by separating each curve into two sections 
and then conducting regression analysis for each section of the curve. These developed 




3.2.7 CALCULATION OF PCI 
The total quantity of each distress type at each severity level were added and recorded 
in the “Total Severities” section. The units for the quantities are in square feet (square 
meters), linear feet (meters), or number of occurrences, depending on the distress type. The 
total quantity of each distress type at each severity level from is divided by the total area 
of the sample unit and multiplied by 100 to obtain the percent density of each distress type 
and severity. The deduct value (DV) for each distress type and severity level combination 
was obtained from the distress deduct value curves in Appendix A. The maximum 
corrected deduct value (CDV) is determined. If none or only one individual deduct value 
is greater than two, the total value was used in place of the maximum CDV in determining 
the PCI; otherwise, maximum CDV was determined by listing the individual deduct values 
in descending order and calculating the allowable number of deducts, m, from Fig 16, or 
using the following formula  
𝑚 =  1 + (
9
98
) (100– 𝐻𝐷𝑉) ≤ 10 
Where: 
m = allowable number of deducts including fractions (must be less than or equal to ten) 
HDV = highest individual deduct value. 
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Figure 16 Deduct value curve (from ASTM D6433 [1]) 
If less than m deduct values were available, all of the deduct values were used. The 
maximum CDV was determined, from the procedure mentioned in the ASTM D6433 [1]. 
The following Figure 17 shows the steps to get the value. The total deduct value (TDV) 
was determined by summing individual deduct values. ‘q’ is the number of deducts with a 
value greater than 2.0. Corrected deduct value (CDV) was determined from the total deduct 
value (TDV) and q by looking up the appropriate correction curve for asphalt pavements 
in Appendix B. The smallest individual deduct value greater than 2.0 was reduced to 2.0 
and the process was repeated until q = 1.  
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Figure 17 Calculation for CDV (from ASTM D6433 [1]) 
It was noted that the Maximum CDV is the largest of all the CDV’s obtained. The 
pavement condition index (PCI) was obtained by subtracting the maximum CDV from 100 
(PCI = 100-max CDV). 
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3.2.8 PREDICT CONDITION 
The next step in the work involved the identification of both type and severity of the 
pavement distresses present in the study area of the parking lot sections by establishing the 
existing pavement condition using the visual walk through survey. This procedure was 
performed with the use of the ASTM D6433-09 “Standard Practice for Roads and Parking 
Lots Pavement Condition Index Surveys” which contains definitions and information 
concerning pavement distresses.  
As this research was conducted for the first time, the surface conditions were 
documented for future prediction. But for future prediction in terms of performance, the 
data can be utilized to track and ultimately predict pavement deterioration each year. 
Pavement conditions can be predicted for the pavement network using either average 
deterioration rates or performance prediction. 
3.2.9 Report Results 
The parking lot condition values will be a resource for generating reports and charts to 
extract information for condition assessment. Project results were reported which would 
help Clemson University Parking and Transportation Services in prioritizing the immediate 
needs for the rehabilitation and budget considerations.   
3.2.10 Keep the Process Current 
Road conditions can and do change quite drastically within a year [12]. Data obtained on the 
parking lot conditions were documented to compare and update the data in the future to 
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maintain the database. The practice of periodic parking lot condition surveys would help 
Parking and Transportation Services to maintain the condition of the parking lots and make 
CU-PMS more efficient by proposing various rehabilitation strategies.  
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CHAPTER 4 - RESULTS 
4.1. VISUAL EVALUATION  
Visual evaluation of the university parking lots was conducted and this report 
presents a list of pavement condition scores and ratings for each pavement management 
section. At the front of each list is a map view and the picture of the sections depicting 
pavement conditions.  The location and an overview of the Clemson parking network can 
be seen in Figure 18 
Figure 18 Clemson University parking network 
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4.2 CONDITION SCORES 
A series of scores were given considering all the distresses on the pavement. The 
overall condition score is used to determine the condition of the pavement section as per 
the table below.  The scores can be seen in the Table 1, 
Table 1 Visual condition rating criteria 
4.3 OVERVIEW OF CONDITIONS FOR ENTIRE PARKING NETWORK 
The overall visual scores of the entire parking network was tabulated and can be 
found in Table 2. The table shows the name of the parking lot and its corresponding aisles. 
Each aisle was surveyed and each sample unit was taken into consideration before 
averaging the aisle’s section rating. The average rating for all the aisles in a parking lot 
gave the total rating for the parking lot. The condition of the parking lot was determined 
based on the condition ratings mentioned in Table 1. The color code was also assigned for 
the easy identification of the condition. The type of distress found on the pavement surface 
was also noted which helped in comparing the visual condition survey with the in-depth 
distress survey. 
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Some areas of the parking lots were adjacent to each other and so they were grouped 
into single parking lot while conducting the survey. Pictures of the distresses were taken 
with a hand camera for clear understanding of the type distresses. The visual rating 
considered the whole section including all the sample units unlike in detailed distress 
condition survey considered random sample units on the pavement section. 
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Fatigue, Transverse, Reflection, Longitudinal, Pothole











































































Longitudinal. Reflection, Fatigue, Pothole





Transverse, Reflection, Longitudinal, Slippage
New Section
Fatigue, Transverse, Reflection, Longitudinal
Reflection, Pothole
Fatigue, Transverse, Reflection
Table 2 Visual condition scores 
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4.4 VISUAL PARKING LOT RATING WITH THEIR SECTIONS 
This section explains the visual condition ratings in detail including all the sections 
in the parking lot. Pictures shown depicts the distresses found on the surface of the 
pavement. 












Aisle-5 Transverse, Reflection 
Aisle-6 
3.5 
Fatigue, Transverse, Reflection 
Aisle-7 Fatigue, Transverse, Reflection 








Aisle-12 Edge, Fatigue 
Table 3 Parking lot C-1 visual scores 




The C-1 section of the parking lot is one of the most used commuter parking space 
with a huge area which was divided into 12 aisles. The distresses that were found were 
spread into large area and was is a poor condition. The overall rating for this pavement 
section can be 2 as the sections had lot of cracks spread and exceeded the normal width 
criteria.   
 







Aisle-2 Longitudinal. Reflection 
Aisle-3 Longitudinal. Reflection 




Aisle-6 Fatigue, Reflection 




Aisle-9 Longitudinal. Reflection 
Aisle-10 Longitudinal. Reflection 
Aisle-11 Longitudinal. Reflection 
 




Figure 20 Parking lot C-2 Map 
The parking lot C-2 is one of the largest parking lots inside the university campus. 
This parking area is divided into 11 aisles with the parking areas on each side of the drive 
way. Each aisle had different crack propagation and had different crack spread. Each aisle 
was rated and scored based on evaluating each section of aisle. By the visual evaluation 
the cracks were mostly found to be on the drive way and the entrance of the parking had 
fatigue cracking.  
4.4.2.1 AISLE-1, 2, 3, 4  
The aisle-1, 2, 3, 4 had longitudinal cracking along its path and eventually after some 
distance reflection cracking occurred. The widths of those cracks were high and the severity 
was considered to be high. However aisle-2 was normal and had low severity cracks. The 
condition score would be 4 and the crack spread was found to be throughout entire section. 
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4.4.2.2 Aisle-5, 6, 7 
The aisles 5, 6, 7 had fatigue cracking along its path and eventually after some 
distance reflection cracking occurred. The widths of those cracks were high and the 
Figure 21 Aisles 1, 2, 3, 4 
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severity was considered to be high. The condition score would 2-3 and the crack spread 
was found to be throughout entire section.  
4.4.2.3 Aisle 8, 9, 10, 11 
The aisles 8, 9, 10, 11 had longitudinal cracking along its path and reflection cracking 
found. The width of those cracks were normal to moderate and the severity was considered 
to fair. The condition score would 4-5. 
Figure 22 Aisle 8, 9, 10, 11 
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4.4.3 PARKING LOTS C-4 & E-3 
The parking area behind Lee hall was evaluated and found to have distresses. The 
lots were E-3 and C-4. Among them most of the distresses were transverse cracking and 
reflection cracking. Some sections of the pavement had edge cracks but were not extended 
throughout. The condition score would be 4 and so is Fair (FR) in condition.  
Figure 23 Parking lot C-4 & E-3 Map with distresses 
Most of the cracks were found to be in the drive lane rather than the parking area. Figure 
24 shows some of the photographs of the pavement by which visual evaluation was done.  
C-4 4 Fair Transverse, Reflection, Pothole 
E-3 4 Fair Transverse, Reflection, Pothole 
Table 5 Parking lot C-4 & E-3 Visual scores 
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4.4.4 PARKING LOT C-5 
C-5 4 Fair Transverse, Reflection 
Table 6 Parking lot C-5 Visual scores 
The C-5 parking lot is beside the E-3 and C-4 parking lots. The parking area had lot 
of reflection cracking and was spread over the lot. But the crack width and depth were 
moderate and can be rated as 4. The lot was divided into segments and was evaluated. Most 
of the segments had cracks extending from drive lane to the parking area. Some of the 
pictures show us the crack spread. Overall the area is in a fair condition.  
Figure 24 Parking lot C-5 Map with distresses 
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4.4.5 PARKING LOT C-11 
C-11 4.5 Fair Fatigue, Transverse, Reflection, Slippage 
Table 7 Parking lot C-11 Visual scores 
 
The C-11 section is one of the largest parking lots inside the university. This section 
is located behind the Brooks center. The E-22 parking space was a small area connected to 
this parking space. The right most part of the parking space was a new pavement section 
and had only 3 aisles in this section. The other sections were in a moderate condition.  
 
 
   
Figure 25 Parking lot C-11 Map with distresses 
 
Fatigue cracking, Transverse cracking were observed in the aisles and had reflection 
cracking in some parts of the parking spaces. Slippage crack was found in one section of 
56 
the parking space. The widths of those cracks were not very wide but were in a moderate 
condition and can lead to extension of the cracks over the parking area and drive lanes. 
The overall condition rating can be given as 4.5 based on the visual evaluation. 
4.4.6 PARKING LOT C-12 
C-12 5.5 Good Transverse 
Table 8 Parking lot C-12 Visual scores 
The parking space on the Williamson road seemed to be in a good condition. The 
cracks were mostly observed at the joints of the curbs and so reflection cracking. Some 
areas had transverse cracking but these cracks were spread only to some area and rest of 
the section was in a good condition. The crack width and depth were moderate to normal 
condition. Over all the condition score would be 5-6 and so lies between fairly good 
conditions. 
Figure 26 Parking lot C-12 Map with distresses 
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4.4.6.1 AISLES 5, 6, 7 
The aisle-5, 6, 7 had fatigue cracking along its path and eventually after some distance 
reflection cracking occurred. The widths of those cracks were high and the severity was 
considered to be high. The condition score would 2-3 and the crack spread was found to be 
throughout entire section.  
Figure 27 Aisles 5, 6, 7 
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4.4.6.2 AISLE 8, 9, 10, 11 
The aisle-8, 9, 10, 11 had longitudinal cracking along its path and reflection cracking 
found. The width of those cracks were normal to moderate and the severity was considered 
to fair. The condition score would be 4-5 
Figure 28 Aisles 8, 9, 10, 11 
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4.4.7 PARKING LOT E-1 
Parking lot opposite to the Hendrix student center was a frequently used space by the 
employees. The entrance of the lot was very poor and had slippage crack may be due to the 
drainage pipeline underneath the subgrade. The space had 4 drive lanes with parking 
spaces. The first two of the lanes from the entrance were in a moderate condition with some 
reflections cracks at some parts but the third and fourth lane had slope differences along 
the path with normal cracks. Due to that slope difference, fatigue cracks were formed at 
the levels. The condition rating of this lot would be 4.  
Figure 29 Parking lot E-1 Map with distresses 
E-1 4 Fair Fatigue, Transverse, Reflection, Slippage 
Table 9 Parking lot E-1 Visual scores 
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4.4.8 PARKING LOT E-2 
The parking space on the west side of life sciences building E-2 was fairly moderate in 
terms of cracks and distresses. The spaces were small compared to other parking lots of the 
university. There were reflective cracks and also longitudinal cracks.   
The slope of the parking lot varied in each section of it and so there was more chance of 
Figure 30 Parking lot E-1 Map with distresses 
distresses occurring. Also was a block crack around the drainage opening on the section on 
the parking lot. The visual rating for this parking space would be 4.5. 





Table 11 Parking lot E-4 Visual scores 
E-2 4.5 Fair Reflection, Longitudinal 
Table 10 Parking lot E-2 Visual scores 
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E-4 parking section behind the stadium suits is fairly in good condition and is a new
pavement laid. The section can be rated as 9 as it is in good condition. 
4.4.10 PARKING LOT E-5 
E-5 4.5 Fair Fatigue, Transverse, Reflection 
Table 12 Parking lot E-5 Visual scores 
Parking area beside Fike recreational center is frequently used section. The entrance 
drive way of the area is completely spread by fatigue cracking. The drive lane of the 
parking lots had transverse and reflection cracking. The average rating for this parking lot 
would be medium and the value is 4.5. 
Figure 31 Parking lot E-1 Map 
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Figure 32Parking lot E-5 Map with distresses 
 
4.4.11 PARKING LOT E-6 
 
E-6 5 Fair Transverse, Reflection 
Table 13 Parking lot E-6 Visual scores 
 
The parking space in-between Sikes hall and Long hall was a pretty fair conditioned 
pavement section with transverse and reflection cracking. As the cracks were observed 
mostly around the drainage openings, these may be formed due differential movement 
across the underlying crack or joint. The rating of this pavement structure would be 5 which 
is fair in condition.  
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Figure 33 Parking lot E-6 Map with distresses 
4.4.12 PARKING LOT E-7 
E-7 4 Fair Fatigue, Transverse, Reflection, Longitudinal, Pothole 
Table 14 Parking lot E-7 Visual scores 
The E-7 pavement section is located near the Little John coliseum. This was divided 
into 3 aisles and each aisle had medium to high range distresses. First subsection was in 
medium condition and had transverse and reflection cracks. The second section has 
longitudinal cracking in addition to transverse and reflection. The third section has fatigue 
cracks and also a pothole on the middle of the section. The overall rating of this section 
would be 4 which is in a fair condition.  
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Figure 34 Parking lot E-7 Map with distresses 
4.4.13 PARKING LOT E-8 
E-8 1.5 Poor 
Fatigue, Transverse, Reflection, Longitudinal, 
Bleeding 
Table 15 Parking lot E-8 Visual scores 
E-8 Pavement section is located near the Clemson surplus building and one of the
most damaged parking lot. The cracks of the pavement section were spread throughout the 
pavement section. Transverse cracks and reflection cracks were observed on one lane of 
the section and the other lane were totally spread with fatigue cracking, longitudinal cracks. 
There was some bleeding observed in the path way of the section and condition looked  
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Figure 35 Parking lot E-8 Map with distresses 
worse. The parking lot is in very poor condition and needs to be repaired as soon as 
possible. The visual rating would be 1.5 for the whole area.     
4.4.14 PARKING LOT E-9 
E-9 5 Fair Longitudinal, Transverse 
Table 16 Parking lot E-9 Visual scores 
E-9 parking space is also a small area which was in a fair condition with the
longitudinal crack between the drive way and the parking spaces. The transverse cracking 
started occurring and might increase eventually in a period of time. The rating for this 
pavement would be 5 and needs to be taken care of in future.  
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Figure 36 Parking lot E-9 Map with distresses 
4.4.15 PARKING LOT E-11 
E-11 6 Good Edge, Slope 
Table 17 Parking lot E-11 Visual scores 
The small pavement section along the road and beside the soccer stadium is also one 
of the frequently used parking sections. There were edge cracks along the sidewalks and 
the asphalt layer. Due to the slope difference near the edge of the pavement section, an 
offset elevation occurred along with the edge cracking. The rating for the section will be 6 
as it is in good condition.   
Figure 37 Parking lot E-11 Map with distresses 
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4.4.16 PARKING LOT E-13 
E-13 3.2 Poor 
Fatigue, Transverse, Reflection, Longitudinal, 
Pothole, Slope 
Table 18 Parking lot E-13 Visual Scores 
E-13 section of pavement has been affected due to very frequent movement of
vehicles on the asphalt surface layer and may be because of difference in elevation of the 
road surface. The slope difference might be the cause for the distresses. The transverse, 
reflection cracking eventually lead to fatigue cracks over the section. The pothole 
formation shows the severity of the cracks. The overall rating for this section would be 3.2. 
4.4.17 PARKING LOT E-14 
E-14 5.5 Good Longitudinal, Transverse 
Table 19 Parking lot E-14 Visual scores 
E-14 is a small pavement section which had minimum cracks. This section was in
fairly good condition. There was a longitudinal crack at the entrance and had a transverse 
Figure 38 Parking lot E-13 Distresses 
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crack. The cracks were in moderate condition and thus rating would be 5.5 which falls 
under fairly good condition.  
Figure 39 Parking lot E-14 Map with distresses 
4.4.18 PARKING LOT E-15 
E-15 2 Poor 
Fatigue, Transverse, Reflection, Longitudinal, 
Pothole, Slope 
Table 20 Parking lot E-15 Visual scores 
E-15 section of pavement has been affected more than other sections due to very
frequent movement of vehicles on the asphalt surface layer and may be the loss of sub base 
or subgrade support du to continuous loading. The slope difference might also has caused 
the distress. The transverse, reflection cracking’s eventually leaded to fatigue cracks all 
over the section. The pothole formation shows the severity of the cracks. The overall rating 
for this section would be 2.0.   
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Figure 40 Parking lot E-14 Map with distresses 





Table 21 Parking lot E-21 Visual scores 
Figure 41 Parking lot E-21 Map 
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E-21 is a new parking area which is located to the other side of life sciences building
road. The area is being marked with the paint and is not opened for the usage. The rating 
for this would be 10 as it is a new parking space.  
4.4.20 PARKING LOT P-3 
Table 22 Parking lot P-3 Visual scores 
The parking area for the stadium on the west zone P-3 was one of the most accessible 
parking zones in the university. The drive path at the entrance of the lot has been effected 
most and the severity was high fatigue cracking. This parking lot was also divided into 
segments and each segment was numbered. These segments are on the either side of the 
path way. Based on the visual evaluation, the parking lot was rated as 4 and the width and 
depth of the cracks were moderate.   
P-3 4 Fair Fatigue
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4.4.20.1 AISLE-1 
This part of the section had longitudinal cracks all along the edge of the drive lane. The 
depth of the crack was deep and the width as well. The condition rating can be given as 3.5 
which showed very poor condition.  




Figure 43 Aisle 1 
 
4.4.20.2 AISLE 2, 3  
The drive lane of these sections were poor in condition and lot of fatigue cracks and 
longitudinal cracks. But had lot of cracks spread all over the drive lanes and the parking 
spaces with deep grooves and wider than the aisle 1. There was a slope difference on the 
surface of aisle 3 and due to that the asphalt layer had fatigue cracking. The present rating 
of this section is 3 and the condition was judged to be poor.   
 
   
Figure 44 Aisles 2, 3 
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4.4.20.3 AISLE 4, 5  
The middle sections of C-1 parking lot had similar amounts of distresses. Most of them 
were transverse, reflection cracking. Although the levels of the distresses were medium to 
Figure 45 Aisles 4, 5 
high, these sections can be categorized into higher affected areas. As these parking spaces 
were used less frequently they might have had less amounts of cracks when compared to 
initial aisles. There was difference between two layers of the asphalt pavement which was 
spread perpendicular to the direction of the travel of the vehicle throughout the section. 
The condition of this section was poor and can be rated as 3.5.  
 4.4.20.4 AISLE 6, 7 
These sections of the pavement had transverse, reflection and fatigue cracking. The width 
and depth of the cracks were high and this section can be rated as 3.5.  
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Figure 46 Aisles 6, 7 
 
4.4.20.5 AISLE 8 
 
This section of the pavement was very normal and had only little distresses. It looked like 
very rarely used space for the parking and driving lane. It had moderate range of cracks 
and can be rated as 5 which was in a fair condition.  
 
4.4.20.6 AISLE 9, 10  
 
Aisle 9 had a longitudinal crack spread along the drive lane and was deep also wider. There 
were some reflation cracks appeared but were not spread. Aisle 10 had reflection cracks 
which were very wider and they need to be seal coated. The condition ration for these 
would be 3.5.   
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Figure 47 Aisles 9, 10 
4.4.20.7 AISLE 11, 12 
The parking spaces towards the edge of the whole lot had moderate range of distresses. 
Aisle 11 had transverse cracks and cracks spread normally with moderate severity. Small 
area of the edge of aisle 12 had edge and fatigue cracking. Rest of the pavement section 
was in a normal to moderate condition. The condition rating for these sections would be 5 
which was fair.   
Figure 48 Aisles 11, 12 
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4.4.21 PARKING LOT P-4 
P-4 5 Fair Transverse, Reflection, Longitudinal 
Table 23 Parking lot P-4 Visual scores 
The pavement section located on the other side of the E-7 pavement section is P-4. 
This is divided into two subsections and one of them was asphalt pavement layer and the 
other was an open grass land. The asphalt pavement section had transverse and reflection 
cracking on some area and longitudinal cracks on other sections. Overall rating of this 
pavement would be 5 and distresses are in medium condition. 








Aisle-3 Longitudinal, Fatigue 
Aisle-4 
3 
Longitudinal. Reflection, Fatigue, 
Pothole 
Aisle-5 







Transverse, Reflection, Longitudinal, 
Slippage 
Table 24 Parking lot R-1 Visual scores 
The pavement section which is located at Newman Rd is R-1. The parking lot is 
divided into 8 aisles. Fifty percent of the aisles had a moderate distresses and other fifty 
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percent had high damage effect. The overall rating for this parking lot would be 3.5 based 
on the ratings of all the aisles. 
Figure 49 Parking lot R-1 Map 
4.4.22.1 AISLE 1 
The pavement section which had lot of distresses was aisle 1. The fatigue was spread 
over the driving lane and the parking spaces. As the pathway is present in the entrance of 
the parking lot more number of vehicles moved over the lane. Due to the continuous 
loading this section had lot of distresses. The condition of this section is very poor and can 
be rated as 2.5.  
Figure 50 Aisle 1 
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 4.4.22.2 AISLE 2, 3 
Longitudinal cracking and fatigue cracking were dominant in the section 2 and 3. 
Section 2 had more affect and had fatigue cracking. Longitudinal crack was spread along 
the driving lane the parking area. The condition rating for the section would be 3.5. 
Figure 51 Aisle 2, 3 
4.4.22.3 AISLE 4, 5 
Pothole in the section 4 shows the level of distress occurred in the parking lane. Aisle 
4 had a fatigue cracking spread on the driving lane. The longitudinal cracking was on the 
aisle 5 with a width exceeding the normal dimension. Reflection cracks were also found in 
the paved sections and so the condition was poor. The visual rating for these would be 3. 
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Figure 52 Aisle 4, 5 
4.4.22.4 AISLE 6, 7 
The pavement paths with a moderate distresses in this section are 6 and 7. 
Longitudinal cracks occurred in this section of the pavement and the depths were moderate. 
The condition rating for the lanes can be 4 because of the level of damage to the surface.  
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Table 25 Parking lot R-2 Visual scores 
R-2 parking lot is a newly laid parking surface inside the campus. The Condition of
this area is good and rating for this section is 9. 
Figure 53 Parking lot R-2 Map 




Fatigue, Transverse, Reflection, 
Longitudinal 
Aisle-2 3 Reflection, Pothole 
Aisle-3 
3 
Fatigue, Transverse, Reflection 




Aisle-6 Transverse, Reflection 
Table 26 Parking lot R-3 Visual scores 
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The R-3 sparking area is one of the largest parking spaces inside university campus. 
The parking is sub divided into 6 aisles and is in a poor condition. The frequent loading on 
the pavement section caused lot of distresses and hence the evaluation rating is given as 
poor in condition.  
4.4.24.1 AISLE 1 
Aisle 1 is the most affected sub section of the pavement. It is in highly distressed condition 
with fatigue cracking on the drive way, longitudinal cracking along the parking edge, 
transverse and reflection cracking on the middle sections. The rating for this sub section 
would be 2.0.  
Figure 54 Aisle 1 
4.4.24.2 AISLE 2 
This section had a slope variation at different paths on the drive way. Due to this 
slope variation water was accumulated. The section had reflection cracking with small 
potholes formed. The severity of the distress in this section is high and the rating of this 
section would be 3 with poor condition.  
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Figure 55 Aisle 2 
4.4.24.3 AISLE 3, 4 
Aisle 3 and 4 had similar distresses of transverse and reflection cracking but had slope 
variation due to which water was collected at that spot. Aisle 4 had fatigue cracking at 
some part of its section. The severity of the distress is considered to be high and the depth 
of the cracks were moderate. The rating for these aisle would be 3 with poor condition. 
Figure 56 Aisles 3, 4 
83 
 4.4.24.4 AISLE 5, 6 
The subsections aisles 5, 6 are in moderate condition with distresses in a fair rating. 
Transverse and reflection cracks were formed and the crack depths were moderate. The 
overall rating would be 5 for these two aisles of the pavement. 
Figure 57 Aisles 5, 6 
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Aisle-2 Longitudinal, Fatigue 





Table 27 Parking lot R-4 Visual scores 
The residential parking area is located near the C-1 parking lot and junction of 
perimeter road. This area was subdivided into 5 pathways or lanes with parking spaces. 
The overall rating of this would be 3.5 because the area had lot of fatigue, transverse, 
reflection cracks 
Figure 58 Parking lot R-3 Map 
4.4.25.1 AISLE 1, 2 
The driving lanes of these sections had longitudinal cracking and fatigue cracking. 
The parking was in a slope and so had distresses spread over the parking space. The 
condition rating for these two paths will be 3.5.  
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Figure 59 Aisles 1, 2 
4.4.25.2 AISLE 3 
Aisle 3 had fatigue cracking and longitudinal cracking along the driving lane. There 
was patch deterioration on the drive lane and had lot of fatigue cracks. The condition can 
be rated as 3.5 for this section.  
Figure 60 Aisle 3 
4.4.25.3 Aisle 4, 5 
These sections of the R-4 parking lot were the most deteriorated lanes. The fatigue 
cracks were spread all over the pavement section. The condition was very poor and needs 
to be repaired. The visual rating is 2.5.  
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Figure 61 Aisle 4, 5 
4.4.25.4 Aisle 8 
The last division of the pavement section had transverse and reflection cracking on some 
part of it. Longitudinal crack appeared all along the drive lane and due to the change in 
slope the end of the pavement section had slippage cracking in a small area. The widths of 
the cracks were over the optimum level. This parking lot can be rated as 3.5 with poor 
condition.  
Figure 62 Aisle 8 
4.4.26 PARKING LOT R-5 
The visual rating for parking lot R-5 was 5.8 as it was in a fair conditions with the 
distresses on the surface. 
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4.5 DETAILED PARKING LOT RATING WITH THEIR SECTIONS 
The detailed parking lot evaluation includes measuring the distresses on the pavement 
surface with measuring wheel and noting the values. The analysis was done after each 
parking lot was surveyed and measured. The following section has the values and tables 
associated to each section and parking lot. Before conducting the survey the sample 
selection was done using the sample number generator. The random numbers were 
generated using different Excel functions and using the formula mentioned in the ASTM 
D6433. Table 28 shows the sample number generator which was used in the research.  The 
pavement condition index (PCI) for each section was calculated and the average corrected 
PCI of the parking lots were obtained. The tables mentioned gives the detailed condition 
analysis for each parking lot. Table 29 shows the PCI rating scale which was used to 
determine the condition of the parking lot. 
Table 28 Random sample generator 
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Table 29 PCI 
Rating scale 
Table 30 Condition of CU 
Parking lots 
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Table 31 Parking Lots C1, C2, C4, C5 
Sample Area PCI (PCI* A)
1 2800.00 56.30 157640
2 2800.00 48.48 135744
3 2800.00 41.22 115416
4 2800.00 17.16 48048
5 2800.00 17.28 48384
6 2800.00 78.39 219492
7 2800.00 85.36 239008
8 2800.00 41.93 117404
9 2800.00 56.78 158984
10 2800.00 58.29 163212







Sample Area PCI (PCI* A)
1 2800.00 87.78 245784
2 2800.00 91.59 256452
3 2800.00 69.18 193704
4 2800.00 78.59 220052
5 2800.00 80.74 226072
6 2800.00 88.72 248416
7 2800.00 87.83 245924
8 2800.00 71.71 200788
9 2800.00 84.19 235732
10 2800.00 60.82 170296
11 2800.00 48.90 136920
12 2800.00 75.31 210868
13 2800.00 37.40 104720






Sample Area PCI (PCI* A)
1 2900.00 31.28 90712
2 2030.00 48.04 97521.2
3 1680.00 75.10 126168
4 2800.00 78.59 220052





Sample Area PCI (PCI*A)
1 3000.00 42.69 128070.00
2 3000.00 52.40 157200.00
3 3000.00 74.57 223710.00
4 3000.00 48.60 145800.00
5 3000.00 47.80 143394.64
6 3000.00 58.40 175200.00
7 3000.00 48.82 146460.00








Table 32 Parking Lots C11, C12, E1, E2 
Sample Area PCI (PCI* A)
1 2800.00 81.21 227388
2 2800.00 84.50 236600
3 2800.00 56.85 159180
4 2800.00 84.26 235928
5 2800.00 57.16 160048
6 2800.00 -9.44 -26432
7 2800.00 52.66 147448
8 2800.00 30.85 86380
9 2800.00 73.86 206808
10 2800.00 -5.06 -14168
11 2800.00 51.17 143276
12 2800.00 59.36 166208







Sample Area PCI (PCI* A)
1 2800.00 81.23 227444
2 2800.00 74.01 207228
3 2800.00 81.18 227304
4 3000.00 68.14 204420
5 4000.00 72.03 288120
6 4000.00 74.57 298280
7 3600.00 69.07 248652







Sample Area PCI (PCI* A)
1 2800.00 62.69 175532
2 2800.00 79.41 222348
3 2800.00 85.70 239960
4 2800.00 83.70 234360
5 2800.00 71.60 200480
6 2800.00 79.63 222964
7 2800.00 64.94 181832
8 2800.00 94.45 264460
9 2800.00 92.31 258468
10 2800.00 80.51 225428






Sample Area PCI (PCI* A)
1 2800.00 95.7 267960
2 2800.00 87.01 243628
3 2800.00 80.95 226660
4 2800.00 90.8 254240
6 2800.00 86.21 241388
7 2800.00 76.43 214004
8 2800.00 68.36 191408
11 2800.00 84.2 235760








Table 33 Parking Lots E3, E7, E8, E9, E11, E13 
Sample Area PCI (PCI* A)
1 2800.00 24.53 68684
2 2800.00 31.04 86912
3 1680.00 16.24 27283.2
4 2800.00 100.00 280000







Sample Area PCI (PCI* A)
1 2800.00 51.84 145152.00
2 2800.00 66.58 186424.00
3 2800.00 -75.38 -211077.45
5 2800.00 36.39 101881.00
6 2800.00 13.04 36516.74
7 2800.00 20.28 56774.31







Sample Area PCI (PCI* A)
1 4650.00 70.04 325686
2 4650.00 51.68 240312
3 4650.00 45.48 211482
4 2800.00 58.85 164780
5 2800.00 57.71 161588
6 4250.00 87.07 370048






Sample Area PCI (PCI* A)
1 2800.00 98.03 274484
2 2800.00 93.56 261968
3 2800.00 97.72 273616
5 2800.00 93.13 260764
6 2800.00 93 260400







Sample Area PCI (PCI* A)
1 2250.00 95.41 214679
2 2250.00 93.42 210187
3 2250.00 72.65 163469
4 2250.00 95.41 214664







Sample Area PCI (PCI* A)
1 3500.00 27.71 96985
2 4850.00 61.95 300457.5







Table 34 Parking Lots E-14, E-15, P-3, P-4 
Sample Area PCI (PCI* A)







Sample Area PCI (PCI* A)
1 3250.00 16.31 53007.5
2 3250.00 51.83 168448
3 3250.00 58.63 190548
5 2250.00 61.02 137295







Sample Area PCI (PCI* A)
1 3000.00 75.61 226830
2 3000.00 18.78 56340
3 3000.00 62.58 187740
4 3000.00 56.94 170820
5 3000.00 77.86 233580
6 3000.00 2.79 8370
7 3000.00 -14.89 -44670
8 3000.00 85.89 257670
9 3000.00 91.43 274290
10 3000.00 80.66 241980
11 3000.00 62.29 186870







Sample Area PCI (PCI* A)
1 2800.00 81.23 227444
2 2800.00 74.01 207228
3 2800.00 81.18 227304
4 3000.00 68.14 204420
5 4000.00 72.03 288120
6 4000.00 74.57 298280
7 3600.00 69.07 248652








Table 35 Parking Lots R-1, R-3, R-4, R-5 
Sample Area PCI (PCI* A)
1 2800.00 65.64 183792
2 2800.00 0.14 392
3 2800.00 17.23 48244
5 2800.00 42.50 119000
6 2800.00 38.64 108192
7 2800.00 28.65 80220
8 2800.00 57.36 160608
9 2800.00 28.75 80500
10 2800.00 63.89 178892
11 2800.00 58.96 165088







Sample Area PCI (PCI* A)
1 2800.00 51.24 143472
2 2800.00 0.24 672
3 2800.00 54.26 151928
4 2800.00 43.24 121072
5 2800.00 3.57 9996
6 2800.00 67.12 187936
7 2800.00 79.32 222096
8 2800.00 53.27 149156
9 2800.00 84.90 237720
10 2800.00 81.12 227136
11 2800.00 69.35 194180







Sample Area PCI (PCI* A)
1 2800.00 54.38 152264
2 2800.00 79.90 223720
3 2800.00 48.19 134932
4 2800.00 77.93 218204
5 2800.00 13.97 39116
6 2800.00 58.31 163268
7 2800.00 50.48 141344
8 2800.00 85.65 239820







Sample Area PCI (PCI* A)
1 2800.00 90.04 252112
2 2800.00 75.98 212744








The priority order of the parking lots that need immediate rehabilitation or repair 
work is tabulated in Tables 36 and 37 (and Figures 62 and 63) based on visual and detailed 
evaluation, respectively. 
Parking Lot PCI (C) Condition
E-7 28.13 Very Poor


























Parking Lot Score Condition
E-8 1.5 Serious
E-15 2 Serious
E-13 3.2 Very Poor
R-4 3.2 Very Poor
R-3 3.25 Very Poor
R-1 3.3 Very Poor
C-2 3.7 Very Poor
C-1 3.9 Very Poor
C-4 4 Very Poor
E-1 4 Very Poor
E-3 4 Very Poor
E-7 4 Very Poor















Table 37 Detail Survey  
Rehabilitation Priority analysis of 
CU parking lots 
Table 36 Visual Survey 
Rehabilitation Priority analysis of 
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Clemson University Parking Condition
Figure 63 Visual Survey - Rehabilitation Priority of CU parking lots 
Figure 64 Detail Survey - Rehabilitation Priority of CU parking lots 
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The visual survey results and the detailed survey results for the conditions of the 
CU parking lots were compared (Figure 66). As the scale for the visual survey was different 
from the detail survey, the score values of visual survey were converted into the detail 
survey PCI scale by multiplying by a factor of ten for comparison purposes.  Both results 
looked similar for some parking lots, but different for others. The priority analysis for the 
rehabilitation of CU parking lots varied as the visual survey was conducted by visual 
observation which was subjective study of the entire parking lot. On the other hand the 
detail survey was more of objective study conducted by considering random sample 
sections which was integrated for the whole parking lot data for its condition. The detail 
survey of parking lots gives the estimated conditions of the parking lots. 
The research shows the evaluated results of the current conditions of the parking 
lots and the overview is shown below with the percentage distribution. Analysis was 
conducted separately for the number of the parking lots and the area of the parking lots.  






































Visual Data Detail Data
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From the Figure 67 it was observed that most of the “Good” and “Satisfactory” 
conditions categories had employee and residential parking lots unlike commuter and any 
permit parking lots. This may be due to the limited usage of the available parking spaces 
and the less frequent movement of the vehicles on the asphalt surface by employees and 
residents. The commuter parking lot also had a few in satisfactory condition but majority 
of the lots were in poor condition. This may be because of the frequent usage. Any permit 
parking lots were in fair and satisfactory condition and this may be because of the location 
of the parking lots far away from the campus. 












































































































































The analysis based on the count concluded that 11% of the parking lots were in “Very 
Poor” condition which were in the top priority for the repair and rehabilitation need. 18% 
of the parking lots were in “Poor” condition which require a considerable repairs. 19% of 
parking lots were in “Fair” condition which was third in priority list. 30% of the parking 
lots were in “Satisfactory” condition leaving the remaining 22% in “Good” condition. The 
condition distribution of the parking lots based on count are shown in Figure 68. 
Figure 67 CU Parking lot Condition distribution (Count) 
Based on the percentage distribution by parking lot area (Figure 69), it was observed 
that most of the employee parking lots were in good and satisfactory conditions. The 
commuter and any permit parking lots also had satisfactory condition levels. The limited 
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surface might be a factor for this distribution results. The majority of residential and any 
permit parking lots were in fair condition but majority of commuter lots were in poor 
condition. The residential parking lots and employee parking lots had very poor condition 
parking lots. 












































































































The analysis based on the areas of the parking lots concluded 3% of the parking lots 
were in “Very Poor’ condition. 37% of the parking lots were in “Poor” condition which 
stood second position in the priority list. 20% of parking lots were in “Fair” condition. 27% 
of the parking lots were in “Satisfactory” condition leaving the remaining 13% in “Good” 
condition. The total areas of the parking lots were measured and estimated with the help of 
AutoCAD drawings and manual measured values. The condition distribution of the parking 
lots based on areas are shown in Figure 70. 
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CHAPTER 5 - CONCLUSIONS AND RECOMMENDATIONS 
The Clemson University Parking and Transportation Services has an important role 
in providing the best services and also generating economy for the university development, 
specifically the parking lots. New parking lots are being added and existing parking lots 
are aging and deteriorating. Delays in maintenance increase the severity and extent of 
defects, and therefore the treatment cost is greater [13]. As pavements degrade, repair costs 
may increase exponentially resulting in improper management in allocation of funds for 
the rehabilitation. Pavement management is one of the very important solutions to this 
problem. CU-PMS is a systematic approach to obtain the conditions of the parking lots 
which helps in preserving their future condition by supporting asset in making decisions 
and managing budgets for the rehabilitation and development. 
5.1 SUMMARY AND CONCLUSIONS 
A detailed literature search was conducted and presented in Chapter 2. The review 
focused on the PMS procedures for parking lots and recommendations to implement the 
process which helped in the development of this research. Chapter 3 presented the overall 
methodologies of CU-PMS. The data collection, data analysis, and details of the pavement 
management process are provided. The steps of implementation and the details of Clemson 
University parking network were presented. The preliminary and detail evaluation results 
obtained were presented in Chapter 4. The intent of this research was to provide a PMS 
process for condition of the parking lots that can be adopted by parking and transportation 
services. 
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The overall distribution of the CU parking lot conditions evaluation concludes by 
giving an overview of contributions of each type of parking lot for the overall conditions 
based on the area of the parking lots. 40% of the parking lots are in satisfactory and good 
condition leaving the other 60% is very poor, poor and fair conditions. The employee 
parking lots had 72% good and satisfactory conditions. This may be due to the usage and 
the locations of the parking lots. Vehicles using these lots typically arrive early in the day 
and remain until the end of the work day, thus limiting the vehicular traffic compared to 
commuter lots. Additionally, these lots are close to the campus buildings and are potentially 
maintained more regularly because of their visibility in central campus. The rest 28% were 
very poor, poor and fair conditions. 68% of commuter parking lots were in poor conditions 
and 32% of them were satisfactory conditions. The commuter parking lots are the regular 
parking spaces and open to commuting students and normal road users. The major 
contribution may be due to the continuous usage and heavy loading on the surface of the 
pavement. 78% of any permit parking were in fair condition and 22% of it were in 
satisfactory condition. This distribution shows less usage of these parking lots. As these 
parking lots are far from the regular campus roads and parking lots, the locations might 
have an effect on the contribution. The rest 35% of residential parking lots were poor, 38% 
were is fair conditions leaving the 15 % in good condition and this may be because of the 
minimum usage of vehicles by students living on campus. 
The visual survey was conducted by visual observation which was subjective study 
of the entire parking lot. This is the perspective and opinions of individual and varies from 
person to person depending on the knowledge and visual rating scale. On the other hand 
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the detail survey was more of objective study conducted by considering random sample 
sections which was integrated for the whole parking lot data for its condition. This would 
be similar as the data collection techniques are similar but may have little effect on the 
numbers. 
5.2 RECOMMENDATIONS 
5.2.1 DATA COLLECTION RESOURCES 
The most cost-effective method of collecting inventory data would involve at least 
two people for the condition survey for the faster results and for efficient work. They could 
be trained before noting the actual numbers which may increase their performance levels. 
Uniform training can be provided on a consistent basis, making sure that everyone involved 
with the management system is following the same rules and procedures which is crucial 
to the effectiveness of the results. 
5.2.2 DISTRESSES MEASURING TOOLS 
The pavement condition data collection process can be conducted only if the 
surveyors be provided with proper tools to measure the extent and severity of the distresses. 
The tools are used to determine the extent and severity of the pavement distress by 
measuring crack lengths, crack widths and the distance between cracks. Some of the tools 
that are recommended by ASTM are a measuring wheel to measure the length and area of 
the cracks, steel rulers to measure the width of cracks, crack depths. The measuring wheels 
should be used to measure the distance between transverse cracks. However, to achieve 
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more accuracy, survey crews may consider using the digital electronic levels. This digital 
electronic tool can read and display measurements in the angle, slope and pitch modes. 
Condition Survey forms and the distress identification manuals should be used while 
conducting the survey. 
5.2.3 ADDITIONAL RECOMMENDATIONS 
 
Microsoft Excel is a very powerful tool for analyzing the data. There are numerous 
reports that can be generated and automate the calculations using the visual basic coding 
and other data manipulation features in Microsoft Excel. It is recommended that Parking 
and Transportation Services continue to build and maintain the historical database. This 
includes the inventory data and condition survey data. This information can be used to keep 
track of measuring the conditions of the parking lots at Clemson University. The 
spreadsheets should also be refined through the years as better historical data is gathered 
and examined. Developing the deduct value graphs for the Pavement Condition Index 
(PCI) may obtain a much better and accurate results. These values would help in 
monitoring the condition of the pavements. The PCI would aid in tracking the parking lot 
performance over time and possibly be used to create informative graphs. A further 
implementation of CU-PMS for Clemson University roads would extend the use of the 
program to regular driveways not just the parking lots in the university. The traffic volume 
data could be added to the number of parking spaces per each section. Finally, the available 
treatments and respective unit costs should be examined and changed accordingly. 
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Another recommendation would be to use a Geographical Information System (GIS) 
to display the results of CU-PMS. For instance, the surveyor would present the reports and 
recommendations through creating and displaying of maps. The Microsoft Excel software 
allows data to be exported to GIS software, such as ArcView. The compatibility of the 
software programs permits creation of detailed maps of the parking network that present 
the treatments recommended for application on each section. The maps will also be 
beneficial in informing the current condition of parking lots and future work that will be 
done. The maps may be advantageous to the parking and transportation services department 
to see exactly where they need to perform a specific treatment. This approach involves 
exporting the CU-PMS data and then importing it into the GIS software for display. The 
major disadvantage with this approach is that it is not economical for a project based study 
as the software costs are high. Also, implementation of this method requires to analyze the 
data on the PMS, but then having to perform data transfer to do graphical querying each 
time the PMS data is modified. 
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APPENDIX A 
Deduct value formulas tables and charts 
Appendix contains all the deduct value charts and summarized formulas used for 
calculating the corrected deduct value and total deduct value. The graphs and values were 
supplied by the Clemson parking and transportation services department for this research 











y = 11.62ln(x) + 7.0941
R² = 0.9959
y = 13.021ln(x) + 17.6
R² = 0.9984






























Note: IF otained Y less than 0, give Y = 0
Bleeding
y = 0.0089x2.6645

































Note: IF otained Y less than 0, give Y = 0
Block Cracking
y = 4.8089ln(x) - 2.2928
y = 5.3029ln(x) + 2.7353
































Note: IF otained Y less than 0, give Y = 0




































y = -1.4051x2 + 11.416x + 4.8098
y = 10.111ln(x) + 34.462






































y = -0.0305x2 + 1.7785x + 3.194
y = 0.0347x2 + 1.8167x + 8.1383
y = -0.0877x2 + 3.8215x + 13.417
y = 13.164ln(x) - 10.694
y = 9E-05x3 - 0.0211x2 + 1.6052x + 16.667



























































Note: IF otained Y less than 0, give Y = 0
X<30
Joint reflection Cracking 
y = -0.2617x2 + 3.5733x - 1.7546
y = -0.5763x2 + 7.256x + 0.6675
y = -0.0069x6 + 0.1855x5 - 1.9235x4 +
9.5248x3 - 23.005x2 + 31.783x - 0.4354
y = 3.4644x0.6022
y = 11.282ln(x) + 6.2838





























y = -0.0433x2 + 1.7262x - 0.0214
y = 0.0179x2 + 1.3059x + 4.2843






























Note: IF otained Y less than 0, give Y = 0
X<30
y = -0.2243x2 + 3.9498x - 2.3732
y = 6.7964ln(x) + 9.9907
y = 18.35x0.5833
y = -0.0318x2 + 1.8037x + 3.2782
y = 12.522ln(x) + 2.4658



























Note: IF otained Y less than 0, give Y = 0
Patching and Utility Cut Patching
y = -0.2675x2 + 3.7636x - 1.7781
y = 9.9303x0.5302
y = 19.254x0.4329
y = 9.6016ln(x) - 5.2023
y = 11.79x0.4137
























































y = -1553x2 + 378.71x - 1.35
y = 156.08x0.6587
y = 149.78x0.4335
y = 17.457ln(x) + 58.608






























Note: IF otained Y less than 0, give Y = 0
Rutting
y = -2.9771x2 + 13.88x - 1.8212
y = 18.139x0.5599
y = 9.7743ln(x) + 28.059
y = 9.7729ln(x) + 5.9859
y = 11.555ln(x) + 17.081



























Note: IF otained Y less than 0, give Y = 0
X<50
Shoving
y = -1.382x2 + 9.2469x - 4.3343
y = -0.9459x2 + 9.187x + 0.8728
y = 18.671x0.4275
y = 9.3469ln(x) - 0.4615
y = 16.368ln(x) - 1.2496





























Note: IF otained Y less than 0, give Y = 0
Slippage Cracking
y = -0.4349x2 + 5.9385x - 0.9487
y = -1.5414x2 + 12.068x + 0.7296
y = -0.8075x2 + 13.206x + 5.9517
y = 12.227ln(x) - 0.7812
y = 13.15ln(x) + 11.374





























y = 5.363ln(x) + 0.5157























Distress Density - percentage
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y = 2.134ln(x) + 8.7841
y = 16.63x0.3696
y = 7.8271x0.3796






































































The reference graphs used for developing the above charts and formulas are mentioned 
below. 
If Eq
Q=1 y = x
Q=2 y = 0.5994x + 5.7421
Q=3 y = 0.5681x + 2.5118
Q=4 y = 0.5218x + 1.5156
Q=5 y = 0.5039x - 1.1146
Q=6 y = 0.4757x - 0.6059
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